Machinery sound quality can appeal to people's aesthetic sensitivity and thus affect the commercial value of a product. Experiments were conducted to evaluate the economic value of the sound quality of machinery noise. Stimulus cards for twenty-seven kinds of vacuum cleaner were presented to participants. Each card gave participants details of the characteristics of each vacuum cleaner with respect to six attributes such as manufacturer, system for sucking up dirt, price, and noise level (dBA) and sharpness (acum) of the machinery noise. Each attribute had two to five levels. For the attributes of noise level and sharpness, three levels were set up (64, 59, 54 dBA and 2.46, 2.21, 1.96 acum, respectively). Participants evaluated their preferences for each vacuum cleaner on a scale of "purchase/not purchase". Fifty students and 50 people over sixty years of age participated in these evaluations. Conjoint analysis was applied to the rating values. As a result, students regarded "price" as the most important. On the other hand, seniors regarded "manufacturer" as the most important. For both groups, the "machinery noise" attribute was slightly more important than the functional attribute "system for sucking up dirt". From this analysis, the partial utilities of each level for each attribute were also obtained. These values correspond to the partial regression coefficients in multiple regression analysis. For the "machinery noise" attribute, the partial utilities increased as noise level and sharpness decreased. Furthermore, the estimated value for a 5 dBA reduction was 25 EURO, and for a 0.25 acum reduction, approximately 27.6 EURO.
Introduction
Machinery sound quality can be controlled in such a way that it appeals to aesthetic sensitivity, thus affecting the commercial value of the product. For example, owners of sports cars enjoy not only driving the cars, but also listening to the sound transmitted from the engine to the car compartment during acceleration. Manufacturers have been making efforts to improve the quality of machinery noise. However, the relative importance of sound quality with respect to the commercial value of the product, is not clear. If the value of the sound quality of machinery noise could be evaluated using a monetary unit, manufacturers could estimate the effectiveness of any improvement.
In our previous study, experiments were conducted to evaluate, using the contingent valuation method (CVM), the economic value of the sound quality of machinery noise emitted from vacuum cleaners and hairdryers [1] . In this experiment, participants were asked how much extra they would pay for improvement of sound quality. However, in a real situation where customers purchase products, they would consider all the product characteristics such as performance, price, and sound, before selecting the most suitable product. Therefore, the values of various attributes characterizing the product should be estimated simultaneously.
In this study, experiments were conducted and conjoint analysis [2] was used to estimate the value of the sound quality of vacuum cleaners using a monetary unit. This method has been employed in the field of marketing research to estimate the importance of various product characteristics such as performance, appearance, and price. From the obtained results, it is possible to evaluate the economic value of each product characteristic.
Experiments

Stimuli
In the experiments, stimulus cards for twenty-seven kinds of vacuum cleaner were presented to participants. Each card gave participants details of the characteristics of each vacuum cleaner with respect to six attributes; manufacturer, style (upright or cylinder), system for sucking up dirt, additional functions (with high-performance filter systems and functional inlet), noise level (A-weighted sound pressure level, dBA) and sharpness (Bismarck's model [3] , acum) of the machinery noise, and price. These attributes were selected from indicators in shops or the web sites of mass merchandisers of home electrical appliances. Each attribute had two to five levels (see Table 1 ). 
Experimental method
Two kinds of experiments were conducted. In one experiment, the "machinery noise" attribute was Aweighted SPL, and in the other experiment, sharpness. In each experiment, the six vacuum cleaner attributes were first explained to participants, who then listened to stimuli with three levels of A-weighted SPL or sharpness value. These stimuli were presented to participants from the above-mentioned sound quality evaluation system via a headphone amplifier (Brüel&Kjaer ZE0769) and headphones (SENNHEISER HD580). Stimulus cards for twentyseven kinds of vacuum cleaner, which were actually printed on sheets, were presented to participants. They evaluated their preferences for each vacuum cleaner on a scale of "purchase/not purchase". Fifty students and 50 persons over sixty years of age (so-called seniors) participated in the experiments. 
Analysis
Conjoint analysis using SPSS conjoint 11.5 was applied to the rating scores. In this application, conjoint analysis is equivalent to multiple regression analysis. As a result, the partial utility of each level for each attribute was obtained. These values correspond to the regression coefficients in multiple regression analysis. Furthermore, the average relative importance of each attribute of the vacuum cleaner was calculated from the following equation: (1) where I i is the average relative importance of the i th attribute, Umax i and Umin i are the maximum and minimum partial utilities in the i th attribute, and n is the number of attributes.
Results
The accuracy of the model obtained from the conjoint analysis was examined using Pearson's correlation coefficient between the estimated scores and the predicted scores calculated from the conjoint model. As a result, the correlation coefficients for all experiments were statistically significant at p<0.01 ( s t u d e n t s / A -w e i g h t e d S P L : r = 0 . 9 8 9 , students/sharpness: r=0.990, seniors/A-weighted SPL: r=0.929, seniors/sharpness: r=0.979). Figures 1 and 2 show the average relative importance of each vacuum cleaner attribute for students and seniors, respectively. Each figure includes the results of the experiments for the "machinery noise" attributes, A-weighted SPL and sharpness. According to Figure 1 , for each attribute, the difference in the average importance of both "machinery noise" attributes (Aweighted SPL and sharpness) is negligible. Students regarded the "price" of the vacuum cleaner as the most important attribute. The average importance of the other five attributes was much lower than that of "price". The average importance of the "machinery noise" attribute was lower than those of "additional functions" or "manufacturer" attributes, but was, however, close to that of the functional attribute "system for sucking up dirt". On the other hand, according to the results for seniors (see Figure 2) , the average importance of the "price" attribute was lower than the attributes of "manufacturer" or "additional functions". For the attributes of "manufacture", "style", "machinery noise" and "price", slight differences in the average importance between both "machinery noise" attributes (A-weighted SPL and sharpness) were found. . According to the results for students (see Figures 3 and 4) , the partial utility decreases as price increases, and is highest at the lowest amount (15000 Japanese yen, approximately 111.9 EURO). Regarding the "machinery noise" attribute, the partial utility increases as A-weighted SPL and sharpness value decrease. Similar results were obtained in the experiments in which seniors participated (see Figures  5 and 6) . However, the decrease of partial utility with price increase for the seniors was smaller in comparison to that for the students. This tendency is related to the result that the seniors regarded price as less important than students did (see Figures 1 and 2 ).
Human hearing sensitivity generally falls off as people grow older. By comparing Figure 3 and Figure 5 , or Figure 4 and Figure 6 , the difference in the partial utility of the "machinery noise" attribute between students and seniors is negligible so that the partial utility of the "machinery noise" attribute does not seem to be affected by aging.
Discussion
An economic evaluation of the difference between two adjacent levels in "the machinery noise" attribute (a 5 dBA in A-weighted SPL and a 0.25 acum in sharpness value) was conducted. The economic value was evaluated using the following equation:
where P s is the estimated value for the difference between two adjacent levels in the "machinery noise" attribute, P u is the price difference between two adjacent levels in the "price" attribute, ΔU s is the difference in the partial utilities between two adjacent levels in the "machinery noise" attribute, and ΔU p is the difference in the partial utilities between two adjacent levels in the "price" attribute.
In the results for students, the estimated values of 5 dBA and 0.25 acum were approximately equivalent to 12 % of the average price of four levels in the "price" attribute (30000 Japanese yen, 223.9 EURO). In our previous study, the economic valuation of the improvement of sound quality was carried out using a contingent valuation method (CVM) [1] . Students were asked how much extra, over and above the price of the original product, they would pay for the product with improved sound quality. The willingness to pay for a noise reduction of 16 dBA (73 dBA to 57 dBA) was estimated to be equivalent to 12 % of the original price of the vacuum cleaner. Although, in the present study, the noise level difference between two adjacent levels in the "machinery noise" attribute was smaller than the amount of noise reduction in the CVM experiment, the ratio of the estimated value to the price of the vacuum cleaner in the present study, was close to that in the CVM experiment. The results of these two experiments suggest that students would be willing to pay an amount equivalent to 12 % of the original price for noise reduction when they can recognize the effectiveness of the improvement of the sound quality. Furthermore, an estimated value equivalent to 12% of the original price might be the limit to what they would pay for improvement of sound quality.
On the other hand, the estimated values for seniors were very high, approximately equivalent to 50 % of the price averaged over the four levels in the "price" attribute (30000 Japanese yen, 223.9 EURO). These "high" estimated values were caused by the calculation procedure for the estimated value (Eq. (2)). Because the seniors regarded the price of the vacuum cleaner as less important than students did, a high estimated value was obtained. It might be necessary to conduct the economic evaluation for noise level reduction and sharpness reduction for seniors using CVM, which involves a questionnaire survey asking participants directly how much extra they would pay for improvement of sound quality.
Summary
To estimate the economic value of the sound quality of machinery noise, the preferences of 50 students and 50 people over sixty years of age (seniors) were evaluated using stimulus cards for twenty-seven kinds of vacuum cleaner on a scale of "purchase/not purchase". Each card gave participants details of the characteristics of each vacuum cleaner with respect to six attributes; manufacturer, style, system for sucking up dirt, additional functions, A-weighted SPL (dBA) and sharpness (acum) of the machinery noise, and price.
Conjoint analysis was applied to the rating values. As a result, students regarded "price" as the most important attribute. On the other hand, seniors regarded "manufacturer" as the most important attribute. For students, the importance of the "machinery noise" attribute was close to that of the functional attribute "system for sucking up dirt". Seniors regarded the "machinery noise" attribute as more important than the functional attribute "system for sucking up dirt". From this analysis, the partial utilities of each level for each attribute were also obtained. The partial utilities increased as A-weighted SPL and sharpness value decreased in the "machinery noise" attribute. Furthermore, in the experiment in which students participated, the economic value for a 5 dBA reduction was 25 EURO, and for a 0.25 acum reduction, approximately 27.6 EURO. On the other hand, in the experiment in which seniors participated, the economic value of a 5 dBA was 114.3 EURO, and of a 0.25 acum, approximately 115.8 EURO.
